We report the case of a 71-year-old man who had interval gangrene of his calf with subsequent vein graft blowout 3 months after undergoing a femoral-to-dorsalis pedis saphenous vein bypass grafting procedure. To provide wound coverage, restore vascular continuity, and preserve functional ambulation, a flow-through radial forearm fasciocutaneous free flap was interposed between cut ends of the bypass graft. Venous drainage of the flap was from the cephalic vein to the popliteal vein. At 1 month after the operation, the patient had complete wound healing and began to ambulate. At 11 months an asymptomatic high-grade stenosis in the distal radial artery segment of the reconstruction was successfully treated with percutaneous angioplasty. After 22 months of follow-up there have been no further complications, and the patient continues to have full, functional ambulation. The radial forearm flow-through free flap allows single-stage restoration of bypass graft continuity and coverage of extensive, complex tissue defects. This technique represents a novel approach to this difficult problem and provides a viable alternative to major limb amputation. (J Vase Surg 1997;26:711-4.) Free tissue transfer as an adjunct to vascular reconstruction is proving a successfifl alternative to amputation in patients who have critical lower ext r e m i t y ischemia and extensive tissue loss. Several small series report l i m b salvage rates between 70% and 90% at more than 2 years of follow-up. ~ s Interval gangrene, or segmental ischemic tissue necrosis despite a patent bypass graft, is an even greater obstacle t o limb salvage. O f eight patients reported over the past 20 years, six required major amputation and two were treated with latissimus dorsi free tissue transfer. 6-1° We describe a case of aggressive limb salvage and wound coverage using a radial forearm fasciocutaneous flow-through free flap in an elderly, diabetic patient who had femoropedal bypass graft blowout as a result of interval gangrene. Although
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From 
CASE R E P O R T
A 71-year-old ambulatory man with diabetes who had severe, chronic tibioperoneal occlusive disease and a previous left below-knee amputation sought medical attention with a cool right foot and pregangrenous changes of the fight first and second toes. An arteriogram demonstrated relatively normal vessels to the level of the adductor hiatus, with diffuse trifurcation disease and occlusion of the anterior and posterior tibial arteries, with reconstitution of diseased peroneal and dorsalis pedis arteries. A fight superficial femoral artery-to-dorsalis pedis bypass procedure was performed with subcutaneously tunneled, good-quality reversed greater saphenous vein. A completion arteriogram revealed a good technical result, and the patient was discharged home on postoperative day 7 with a palpable dorsalis pedis pulse and healing wounds. Two weeks later, he underwent open amputation of the demarcated, gangrenous right first and second toes.
Within 1 month, despite healing toe amputation sites and a patent bypass graft, progressive interval gangrene developed over the greater saphenous vein halwest incision October 1997 in the medial calf. Over the next month, multiple debridements were performed for full-thickness ischemic soft-tissue necrosis. After apparently adequate local debridement, a skin graft was placed over this area for wound and bypass graft coverage.
The patient subsequently returned with throbbing calf pain and a herald bleed from exposed vein bypass graft. Surgical exploration revealed a patent graft with a focal, punctate graft rupture at midcalf and an intact distal pedal anastomosis. Wide debridement was carl"led out, including a 20 × 10 cm area of full-thickness soft-tissue necrosis of the distal calf, with exposed deep extensor tendons, tibia, and 8 cm of the bypass graft. To simultaneously cover the wound and restore vascular continuity, a radial arterybased forearm fasciocutaneous flow-through free flap was interposed between cut ends of the bypass graft. Arterial inflow to the flap was provided by anastomosing the proximal radial artery pedicle end-to-end to the saphenous vein bypass graft in the upper calf. The distal radial artery pedicle was anastomosed to the vein graft stump above the medial malleolus. Venous outflow from the flap was provided by anastomosis of the flap-based cephalic vein to the below-knee popliteal vein (Fig. 1) . Skin grafts from the thigh were placed over the forearm donor site.
The patient had an uncomplicated postoperative recovery, and he was discharge d on the tenth day after the operation, and was to bear no weight on the leg for 3 Weeks. The flow-through free flap was viable and had an excellent radial artery pulse within the flap down to the dorsalis pedis artery. The radial forearm donor site healed well (Fig. 2) , and there were no hand complaints.
By 1 month, the free flap was healed (Fig. 3) , and the patient began walking. He continued to do well and had normal results on duplex graft surveillance examinations. One year after free flap reconstruction, the patient was noted to have a decreased pedal pulse and a decrease in the ankle-brachial index from 1.0 to 0.5. Duplex ultrasound scanning revealed a peak systolic velocity of 465 cm/sec in the distal radial artery portion of the flap. Except for a focal stenosis in the distal radial artery portion of the flap, an arteriogram revealed a well-vascularized flap with no other abnormalities. The stenosis was successfully treated with percutaneous balloon angioplasty, and results of postprocedure duplex scanning was normal. After 22 months of follow-up, there have been no further complications. The patient continues to have full, functional ambulation with a patent graft and viable flap.
D I S C U S S I O N
Large soft-tissue wounds with exposed tendon, bone, or vasculature often lie beyond the limits o f conventional limb salvage techniques. These complex wounds frequently result in major amputation, sometimes despite successful revascularization. 13,14 In the patient described in this report, the combination of interval gangrene and a superficially-placed bypass graft led to graft exposure and subsequent rupture. Multiple local debridements and skin grafting failed to achieve primary healing. Although predisposing factors are not clear, interval gangrene may develop as a result of disruption o f profunda and perigeniculate collaterals by ligation or bypass grafting. 7-9 The combination of an occluded popliteal trifurcation and a heavily calcified dorsalis pedis artery proximal to the distal anastomosis may have prevented retrograde blood flow to the calf, causing full-thickness ischemic necrosis. Although initial retrograde filling was seen on the completion angiogram, thrombosis o f these small, low-flow collateral vessels has been known to occur. Endarterectomy o f inflow vessels or sequential bypass grafting has been r e c o m m e n d e d to maintain the collateral flow to bypassed segments in patients who have interval gangrene. 7, 8 The second obstacle to successful revascularization in this patient was the m a n a g e m e n t of vein-graft blowout. The cause of most autogenous graft blowouts is presumed to be graft or w o u n d infection. Previous reports on the natural history o f this condition reveal a 20% in-hospital mortality rate and a 27% Fig. 2 . Healed radial forearm flee flap donor site 2 months after operation. With skin grafting and carefifl wound management, the rate of donor site morbidity is low. amputation rate in patients who have infrapopliteal prosthetic and autogenous graft infections. 15-17 The case presented here is unique in that the patient had midgraft exposure from segmental, interval tissue loss with intact proximal and distal anastomoses without graft sepsis.
Free tissue transfer techniques, and flow-through flaps in particular, offer numerous advantages in the management of large ischemic wounds with exposed tendon or bone and disrupted vasculature. They provide healthy, well-vasculatized tissue from a remote, relatively nonatherosclerotic site and contain an independent blood supply that is not reliant on vascular ingrowth from the recipient b e d ) 8 In fact, increased collateral outflow may increase graft patency and aid neovascularizafion into surrounding tissue. 1, 18, 19 In two previously reported cases of interval gangrene treated by free tissue transfer, Dardik et al. 8 and I~pantalo and Tukiainen ~° used latissimus muscle free flaps for wound coverage. Unlike the radial artery flow-through free flap, the lafissimus dorsi flap has a single arterial pedicle, based on the thorac0dor-sal artery, which can be anastomosed end-to-side off of an existing or new bypass conduit. In the present patient, by interposing the radial artery segment of the tissue flap between the previous femoral-to-pedal bypass graft, we were able to preserve a well-functioning autogenous vein graft with mature distal anastomosis.
Flow-through flaps can provide a source of vascular conduit when another source is not available, and they are amenable to revision by additional interposition. 12 Radial flow-through flaps provide adequatecaliber (3 to 4 ram) vascular pedicles as long as 20 cm that readily conform to a particular defect. 11 The most important complication--complete flap necrosis as a result of arterial or venous thrombosis--is reported to occur in less than 5% of cases. 13 Although some investigators prefer performing staged flap proHg. 3. Healed radial forearm free flap 1 month after operation. October 1997 cedures to minimize the anesthetic risks, assess the bypass graft patency, and provide optimal wound care, one-step coverage avoids multiple operative procedures into a scarred bed and multiple hospitalizations. 1,4 Operative times are prolonged, but simultaneous work by plastic surgery and vascular surgery teams can reduce these times to an acceptable and safe range.
In the case of this ambulatory amputee with diabetes who otherwise faced bilateral amputation, we decided an aggressive approach with a flow-through radial forearm free flap was the best option. It provided single-stage, durable wound coverage, restoration of vascular continuity, and preservation of longterm independent activity. In selected, ambulatory patients who have large soft tissue defects or exposed tendon, bone, and disrupted vasculature, this technique can extend the limits of limb salvage.
